In this study, the causal nexus between child mortality rate, fertility rate, GDP, household final consumption expenditure, and food production index in Ghana was investigated spanning from 1971 to 2013 using the Autoregressive and Distributed Lag (ARDL) method. The study tested for unit root, ARDL bounds cointegration test, ARDL long-run elasticities, Granger causality, and Variance Decomposition Analysis using Cholesky technique. There was evidence of long-run equilibrium relationship running from fertility rate, food production index, GDP, and household final consumption expenditure to the mortality rate. There was evidence of a bidirectional causality running from household final consumption expenditure to fertility rate. Evidence from the Variance Decomposition Analysis shows that, almost 6% of future fluctuations in mortality rate are due to shocks in the food production index, while 2% of future fluctuations in mortality rate are due to shocks in fertility rate. Evidence from the study shows that the increasing levels of social determinants like Gross Domestic Product and Household final consumption expenditure will help reduce child mortality rates in Ghana. In order to reduce child mortality rates among children under-5, infants and vulnerable in Ghana, there is the need to end hunger and ensure access to safe and nutritious food.
PUBLIC INTEREST STATEMENT
Five in 10 of global under-5 deaths occur in subSaharan Africa and 45% of all under-5 deaths happen in the first 28 days of the child's life. Causes of child mortality have been associated with nutrition and health care delivery. However, other social, economic, and environmental factors contribute to this global issue. In this case, a multidisciplinary approach towards the analysis of the causal effect of child mortality rates is important. In view of this, the study analyzes the causal nexus between child mortality rate, fertility rate, GDP, household final consumption expenditure, and food production index in Ghana using modern econometric methods like Granger causality, ARDL cointegration test, and Variance Decomposition Analysis to examine the long-run relationships between the variables of interest. The outcome of the study will serve as an informative tool for policy-makers in Ghana and set a foundation for future research in this field.
Introduction
Child mortality has gained global prominence since 1990, progress has been made in reducing child mortality throughout the world (UN Inter-agency Group for Child Mortality Estimation, 2015) . The emergence of the Millennium Development Goal (MDG) four sought to reduce child mortality by about two-thirds of the existing morality rates by the end of 2015. Progress has been made towards MDG four, according to the 2015 MDGs Report by the (United Nations, 2015a), the global under-5 mortality rate declined by more than half, dropping from 90 to 43 deaths per 1,000 livebirths between 1990 and 2015. Regardless of population growth in developing regions, global under-5 deaths declined from 12.7 million in 1990 to almost 6 million in 2015. The global rate of reduction in under-5 has more than tripled since the early 1990s. Sub-Saharan Africa experienced over five times faster annual rate of reduction in under-5 during 2005-2013 than in 1990-1995. According to a press release by World Bank (World Bank, 2015a) , almost one-third of the world's countries (62/195) has met the MDG-4 which target to reduce under-5 mortality by two-thirds. The annual reduction rate of mortality has increased from 1. 8% in 1990-2000 to 3.9% in 2000-2015 . Two-thirds of Africa's countries, among the 10 of the 12 low income countries have reduced under-5 mortality rate. Five in 10 global under-5 deaths occur in sub-Saharan Africa and 45% of all under-5 deaths happen in the first 28 days of the child's life. Simply put, on the day of birth one million neonatal deaths occur while almost two million children die in the first week of life. Nevertheless, under-5 mortality rate in sub-Saharan Africa has registered a substantive acceleration by an increase in annual reductions of 1.6% in 1990s to 4.1% in 2000-2015. According to there is a 53% drop in under-5 mortality rate, however, 16,000 children under-5 still die everyday, which is not enough to meet MDG-4 of two-thirds reduction between 1990 and 2015. As the MDG era ends, world leaders have renewed their commitment towards improving child survival by launching Committing to Child Survival: A Promise Renewed that aims for a continual post-2015 focus to end preventable child deaths. The launch of the renewed Global Strategy for Women's, Children's and Adolescent's Health will serve as a roadmap to achieve the Sustainable Development Goal (SDG) 3: "Ensure healthy lives and promote well-being for all at all ages" (United Nations, 2015b). UNICEF (2015a) suggests that an evidence-based estimation of child mortality is a keystone for tracing the progress towards child survival goals and for national policy planning and global health strategies, approaches and interventions on child health and well-being.
A vast number of studies have shown that significant progress has been made towards reducing global child mortality from 1990 to 2015 (Alkema, New, Pedersen, & You, 2014; Hill, You, Inoue, & Oestergaard, 2012; McArthur, 2014; Wang et al., 2014; You et al., 2015) . You et al. (2015) provided estimates of under-5 mortality spanning from 1990 to 2015 for 195 countries and further projected 2016-2030 based on a construct scenario with Bayesian B-spline bias-reduction model to provide insights into the burden of the post -MDG 4 (2015) . Their study concluded that 116 of the 195 countries representing 56% have already achieved the SDG-3 target with under-5 mortality rate of 25 or fewer deaths per 1,000 live births. Liu et al. (2015) investigated the distributions of the causes of child mortality in neonates and children aged 1-59 months using vital registration-based multiclausal models for countries with low under-5 mortality and verbal autopsy-based multiclausal models for high under-5 mortality countries. Their study concluded that sub-Saharan Africa will increase under-5 birth and death rate from 25 to 50% in 2013 to 33 and 60% in 2030.
Our study is in line with Aakvik and Holmås (2006) who investigated the impact of economic conditions and access to primary health care outcomes in Norway. They employed a dynamic panel data model using data spanning from 1986 to 2001 to estimate the fixed effects of mortality and the number of general practitioners. Their study concluded that no relationship exists between mortality and the number of general practitioners in Norway. Nevertheless, the number of variables (2) and the period of the data (15 observations) employed in the study make it difficult to have a conclusion that represents the population. Hill, Zimmerman, and Jamison (2015) investigated the global and regional mortality estimates for children aged 5-14 years in low and middle income countries using regression analysis. Their study concluded that mortality rates in low and middle income countries reduced from about 2.4 million in 1990 to about 1.5 million in 2010. Jacob, Ludwig, and Miller (2013) estimated the causal effects of housing and neighborhood on child mortality using data spanning from 1997 to 2009. Their study concluded that moving from a high-poverty public housing in Chicago leads to a large decline in mortality rates. Leigh and Jencks (2007) assessed the relationship between economic inequality and mortality rate in rich countries using a panel data spanning from 1903 to 2003. Using a fixed effects specification shows that a higher GDP is associated with lower mortality rates.
Almost all the studies employ traditional estimation methods rather than modern-day econometric methods like Dynamic Ordinary Least Squares (DOLS), Fully Modified Ordinary Least Squares (FMOLS), Vector Error Correction Model (VECM), and Autoregressive and Distributed Lag (ARDL). It is therefore difficult to establish a long-run causal relationship between health outcomes and social causes.
The causal relationship between health outcomes and social causes has been sporadic and limited, especially in developing countries like Ghana. Ghana, as a growing economy from lower middle income to a middle-income economy, has suffered many drawbacks in the field of energy (AsumaduSarkodie & Owusu, 2016a , water management (Asumadu-Sarkodie, Owusu, & Jayaweera, 2015; Owusu, Asumadu-Sarkodie, & Ameyo, 2016) , environmental pollution (AsumaduSarkodie & Owusu, 2016c; ) and health . Ghana's under-5 mortality rate is 78 deaths per 1,000 live births leading to a total of 62,000 under-5 deaths (UNICEF, 2015b) . One of the factors of poor health outcomes in Ghana is a limited scientific research in the health sector that will assist Governmental bodies, non-Governmental organisations, local and private investors with the required information to make decisive choices in their investment in Ghana's health sector. Attempts to unveil the health, developmental issues in Ghana in the scientific space have been sporadic and limited. Therefore, a multidisciplinary approach that tackles the health issues in Ghana in the scientific space would help in nation building.
To the best of our knowledge, our research is the first of its kind in the scope of the study and will therefore contribute to the existing literature on health economics. The aim of the study is to examine the causal nexus between child mortality rate, fertility rate, GDP, household final consumption expenditure, and food production index in Ghana using ARDL method with data spanning from 1960 to 2013. As part of the methodology, the study examines the long-run equilibrium relationship, the Granger causality to determine the direction of causality, and the Variance Decomposition Analysis using Cholesky technique which is our contribution to existing literature in health economics. Using the concept adopted by Asumadu-Sarkodie, Owusu, and Rufangura (2015) , the study will increase the awareness of the social causes of child mortality, avoid future deaths, alleviate the social causes, and assist on how child mortality can be managed to end preventable child deaths as a roadmap to achieve the SDG (3).
Methodology
The study investigates the causal nexus between child mortality rate, fertility rate, GDP, household final consumption expenditure, and food production index in Ghana using the ARDL. A time series data-set spanning from 1971 to 2013 was employed from the World Bank database (World Bank, 2015b) . Five study variables were used in the study, which include: MR-Mortality rate, under-5 (per 1,000 live births), FR-Fertility rate, total (births per woman), GDP-Gross Domestic Product (constant 2005 US$), HFCE-Household final consumption expenditure (current US$), and FPI-Food production index (2004-2006 = 100) . The selection of the variables is based on the SDGs 1-3 and 8 (United Nations, 2015b).
Prior to testing for Variance Decomposition Analysis using Cholesky technique, we tested for unit roots, performed Granger causality tests, ARDL bounds test, and model diagnostics. Engle-Granger, Johansen's method (Johansen, 1995) , or single-equation methods like DOLS, FMOLS, and ARDL models have been used in econometrics to study the long-run and cointegration between variables, which as a requirement, all variables must be I(1) or a prior knowledge and specification requirement of variables are I(0) and I(1). Nevertheless, Pesaran and Shin (1998) showed that cointegration among variables can be estimated as an ARDL model with the variables in cointegration at either I(0) or I(1) without pre-specification of variables which are either I(0) or I(1). Furthermore, Pesaran and Shin (1998) maintain that ARDL model can have different number of lag terms without the requirement of symmetry lag lengths like other cointegration estimation methods.
The model specification for the study is expressed as:
where LMR, LFR, LGDP, LHFCE, and LFPI represent the logarithmic transformation of MR-Mortality rate, FR-Fertility rate, GDP-Gross Domestic Product, HFCE-Household final consumption expenditure, and FPI-Food production index since the logarithmic transformation leads to a more stable data variance in year t, ɛ t is the error term and β 0 , β 1 , β 2 , β 3 , and β 4 are the elasticities to be estimated.
Following the existing literature (Asumadu-Sarkodie & Owusu, 2016b , 2016d Asumadu-Sarkodie and Owusu, 2016g ), the ARDL model for the present study can be expressed as:
where α represents the intercept, t denotes year, p represents the lag order, ɛ t represents the error term, and Δ represents the first difference operator.
The long-run equilibrium relationship between the series are examined using the F-tests based on the null hypothesis of no cointegration between LMR, LFR, LGDP, LHFCE, and LFPI [H 0 :δ 1 = δ 2 = δ 3 = δ 4 = δ 5 = 0] against the alternative hypothesis of cointegration between LMR, LFR, LGDP, LHFCE, and LFPI [H 1 :δ 1 ≠ δ 2 ≠ δ 3 ≠ δ 4 ≠ δ 5 ≠ 0]. Using the F-test, the null hypothesis is rejected if the F-statistic lies above the upper bound or, the null hypothesis cannot be rejected if the F-statistic lies below the lower bound (Pesaran, Shin, & Smith, 2001 ). Figure 1 shows the trend of the study variables before logarithmic transformation. It is evident that as GDP, HFCE, and FPI increases periodically, MR and FR decreases periodically. At this moment, it is difficult to explain the reasons for the trend exhibited by the variables.
Results and discussion
LMR t = 0 + 1 LFR t + 2 LGDP t + 3 LHFCE t + 3 LFPI t + t (2) ΔLMR t = 0 + 1 LMR t−1 + 2 LFR t−1 + 3 LGDP + 4 LHFCE t−1 + 5 LFPI t−1 + p ∑ i=1 1 ΔLMR t−i + p ∑ i=0 2 ΔLFR t−i + p ∑ i=0 3 ΔLGDP t−i + p ∑ i=0 4 ΔLHFCE t−i + p ∑ i=0 5 ΔLFPI t−i + t (1)
Descriptive analysis
This section outlines the descriptive statistical analysis of the study variables. Table 1 shows the descriptive statistical analysis of the study variables. While LGDP, LHFCE, and LFPI have a long-right tail (positive skewness), MR and FR have a long-left tail (negative skewness). However, all the variables show a platkurtic distribution. Jarque-Bera test statistic functions under the null hypothesis of normal distribution. With the exception of LGDP, all the variables are normally distributed based on 5% p-value therefore we cannot reject the null hypothesis. Evidence from the statistics shows that only LFR shows a monotonic relationship with LMR, however LGDP, LHFCE, and LFPI are negatively associated with.
Unit root test
We employ the augmented Dickey-Fuller (ADF) (Dickey & Fuller, 1979) unit root test in the study. Table 2 presents the results of the ADF unit root test. At level, we cannot reject the null hypothesis based on 5% p-value. The model proposed is stationary at level, but non-stationary at first difference based on 5% p-value. 
ARDL cointegration test, long-run, and model selection
The ARDL model cointegration test as proposed by Pesaran et al. (2001) is calculated in the study based on the following equation: Table 3 presents a summary of the ARDL Bounds test cointegration. Evidence from Table 3 shows that the null hypothesis of no cointegration is rejected at 5% significance level. With the existence of a cointegration between the variables, the study selects an optimal model for the long-run relationship estimation. In Figure 2 , the model selection criterion is given. Akaike information criterion selects the best model with the specification: ARDL (2, 3, 3, 4, 0) .
Using the optimal model, the long-run equilibrium relationship between the variables is estimated. Table 4 shows that the error correction term [ECT (−1)=−0.3075, ρ = 0.0000] is negative and significant, showing evidence of a long-run equilibrium relationship running from LFR, LGDP, LHFCE and LFPI to LMR. The individual long-run effect between LMR and LFPI, LMR and LFR, and LMR and LGDP are statistically significant. 
The long-run elasticities in Table 4 have policy implications in Ghana. Evidence from Table 4 shows that a 1% increase in Food production index will increase child mortality by 0.13% in the long-run, a 1% increase in Fertility rate will increase child mortality by 1.61% in the long-run, a 1% increase in Gross Domestic Product will decrease child mortality by 0.18% in the long-run, and a 1% increase in Household final consumption expenditure will decrease child mortality by 0.01% in the long-run. In other words, developed countries with higher economic growth have lower levels of child mortality rates. In this way, governmental policies in developing and least developed countries that promote economic growth would increase household final consumption expenditure which will directly affect health outcomes leading to a reduction in reported cases of child mortality. After establishing a long-run relationship with ARDL, we ascertain the direction of the causal relationships between LMR, LFPI, LFR, LGDP, and LHFCE using the Granger causality test (Granger, 1988) . Table 5 presents a pairwise Granger causality test between LMR; LFPI, LFR, LGDP, and LHFCE. It is evident from Table 5 that the null hypothesis; LMR does not Granger Cause LFPI, LMR does not Granger Cause LFR, LFR does not Granger Cause LFPI, LHFCE does not Granger Cause LFR, and LFR does not Granger Cause LHFCE are rejected at 5% significance level.
Diagnostic test for the ARDL model
ARDL Model was subjected to a series of diagnostic tests. Table 6 shows the diagnostic tests of the ARDL Model.
Residual Autocorrelation was tested using Heteroskedasticity Test based on Null Hypothesis: no autocorrelation at lag order h. Results from Breusch-Pagan-Godfrey Heteroskedasticity Test in Table  6 shows that the null hypothesis cannot be rejected at 5% significance level, meaning that no autocorrelation exists. Table 6 shows that the null hypothesis cannot be rejected at 5% significance level, meaning that no serial correlation exists.
Residual Functional Misspecification was tested using Ramsey RESET Test based on Null Hypothesis: no functional misspecification. Results from Ramsey RESET Test in Table 6 shows that the null hypothesis cannot be rejected at 5% significance level, meaning that the model is in its functional form.
Residual Normality was tested using Jarque-Bera test based on Null Hypothesis: residuals are multivariate normal. Results from Jarque-Bera test in Figure 3 shows that, the null hypothesis cannot be rejected at 5% significance level, meaning that the residuals are normally distributed.
Robustness of the ARDL model
The CUSUM and CUSUM of Squares tests are used to ascertain the parameter instability of the equation employed in the ARDL Model. Figures 4 and 5 show the CUSUM and CUSUM of Squares tests for parameter instability in the ARDL Model. Since the plots in CUSUM and CUSUM of Squares tests lie within the 5% significance level, the parameter of the equation is stable enough to estimate the long-run causality in the study.
Variance decomposition
The variance decomposition provides information on how each random innovation affects the variables. Tables 7-11 report the results of the variance decomposition of LMR, LFPI, LFR, LGDP, and LHFCE within a 10-period horizon. From Table 7 , almost 6% of future fluctuations in mortality rate are due to shocks in the food production index, while 2% of future fluctuations in mortality rate are due to shocks in fertility rate. Meaning that food production index affects mortality rate more than fertility rate, GDP, and household final consumption expenditure in the long-run in Ghana. In other words, ending hunger and ensuring access to safe and nutritious food by children under-5, infants, and vulnerable will help reduce mortality rate in the long run. From Table 8 , almost 22% of future fluctuations in the food production index are due to shocks in mortality rate while 14% of future fluctuations in the food production index are due to shocks in GDP. Meaning that mortality rate affects food production index more than GDP, fertility rates and household final consumption expenditure in the long-run in Ghana. Farming is mostly done by women in Ghana, therefore as child mortality increases high birthrate increases compensate the high mortality rate which leads to reduced productivity in farming leading to reduced food production index.
From Table 9 , almost 44% of future fluctuations in fertility rate are due to shocks in the food production index while 34% of future fluctuations in fertility rate are due to shocks in mortality rate. Meaning that food production index affects fertility rate more than mortality rate, GDP, and household final consumption expenditure in the long-run in Ghana. Due to food demand in Ghana, poor agricultural practices like the intensive use of fertilizers and pesticides are used in agricultural production. From the results, as food production index in Ghana increases due to the intensive use of fertilizers and pesticides, the more fertility rate decreases. Simply put, increasing food production with unsustainable agricultural practices will affect future fertility rates.
From Table 10 , almost 6% of future fluctuations in GDP are due to shocks in the food production index while 3% of future fluctuations in GDP are due to shocks in fertility rate. Meaning that food production index affects GDP more than fertility rate, mortality rate, and household final consumption expenditure in the long-run in Ghana.
Finally, results from Table 11 show that almost 19% of future fluctuations in household final consumption expenditure are due to shocks in GDP, while 13% of future fluctuations in household final consumption expenditure are due to shocks in mortality rate. Meaning that GDP affects household final consumption expenditure more than mortality rate, fertility rate, and the food production index in the long-run in Ghana.
Conclusion
In this study, the causal nexus between child mortality rate, fertility rate, GDP, household final consumption expenditure, and food production index in Ghana was investigated spanning from 1971 to 2013 using the ARDL method. The study tested for unit root, ARDL bounds test cointegration, ARDL long-run relationship, Granger causality test, and finally performed a Variance Decomposition Analysis using Cholesky technique. Results from the study are as follows:
There was evidence of long-run equilibrium relationship running from fertility rate, food production index, GDP, and household final consumption expenditure to mortality rate. There was evidence of a bidirectional causality running from household final consumption expenditure to fertility rate.
Evidence from the variance decomposition within a 10-period horizon shows that, almost 6% of future fluctuations in mortality rate are due to shocks in the food production index while 2% of future fluctuations in mortality rate are due to shocks in fertility rate. In other words, ending hunger and ensuring access to safe and nutritious food for children under-5, infants, and vulnerable will help reduce mortality rate in the long run.
Almost 22% of future fluctuations in the food production index are due to shocks in mortality rate while 14% of future fluctuations in the food production index are due to shocks in GDP. Farming is mostly done by women in Ghana; therefore, as child mortality increases, high birthrate increases to compensate the high mortality rate which leads to reduced productivity in farming, leading to a reduction in food production index.
Nearly 44% of future fluctuations in fertility rate are due to shocks in the food production index while 34% of future fluctuations in fertility rate are due to shocks in mortality rate. Due to food demand in Ghana, poor agricultural practices like the intensive use of fertilizers and pesticides are used in agricultural production. From the results, as food production index in Ghana increases due to the intensive use of fertilizers and pesticides, the more fertility rate decreases. Simply put, increasing food production with unsustainable agricultural practices will affect the future fertility rates.
Almost 6% of future fluctuations in GDP are due to shocks in the food production index while 3% of future fluctuations in GDP are due to shocks in fertility rate. Almost 19% of future fluctuations in household final consumption expenditure are due to shocks in GDP, while 13% of future fluctuations in household final consumption expenditure are due to shocks in mortality rate. Evidence from the study shows that the increasing levels of social determinants like Gross Domestic Product and Household final consumption expenditure will help reduce child mortality rates in Ghana.
The following policy recommendations are made based on the results of the study:
• Implementing policies ensure sustainable food production systems and implementing good agricultural practices will help end hunger and ensure access to safe and nutritious food for children and women that will reduce child mortality.
• Since the high mortality rate leads to high birth rates due to increased fertility rate, Government of Ghana should institute policies that ensure access to quality essential health care services, safe, effective, quality and affordable medicines that can help reduce preventable under-5 deaths.
Finally, instituting policies that empower women financially and the awareness of reducing under-5 deaths will help Ghana in achieving the 25 or less under-5 deaths per 1,000 live births before 2030.
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